ABSTRACT. Objective. To compare the efficacy, safety, and tolerability of once-daily administration of modified-release methylphenidate (MPH MR) with placebo in children with attention-deficit/hyperactivity disorder (ADHD).
A ttention-deficit/hyperactivity disorder (ADHD), as defined by criteria in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), affects 3% to 6% of school-aged children in the United States. [1] [2] [3] For more than 60 years, stimulant medications have been used to reduce ADHD symptoms. 4 Currently, several immediate-release (IR) stimulant formulations are available, including methylphenidate ([MPH]; Ritalin), pemoline (Cylert), dextroamphetamine (Dexedrine or Dextrostat), and a mixed salts of amphetamine (Adderall). 5 After oral administration of IR formulations, optimum behavioral effects occur within 1 to 2 hours, with a duration of 3 to 5 hours. 6 -9 The relatively short duration of action mandates multiple daily doses for most children, with doses given during the school day. This raises a number of issues related to compliance, privacy, peer ridicule, controlled drug storage and accountability on the part of the school administration and nurses, and potential abuse. 5 Wax-matrix sustained-release MPH (Ritalin-SR) formulations of MPH, developed in the late 1970s to solve this problem, have not been adopted in clinical practice (2001 sales through July constitute Ͻ2% of market share), because of their delayed onset of action, insufficient duration of effect, and comparatively lower effectiveness. 10, 11 For the 2001 year through July, stimulant sales were led by mixed salts of amphetamine and more modern long-duration methylphenidate products.
Modified-release methylphenidate (MPH MR [Metadate CD]) was developed and manufactured by Celltech Pharmaceuticals Inc (Rochester, NY). It was designed to produce a rapid onset of therapeutic effect but has a sufficient duration to eliminate the need for a midday dose at school. It utilizes a new dual-phase formulation that contains IR and extended-release (ER) forms of the drug in a 30:70 ratio by weight. Each 20-mg MPH MR capsule contains 2 types of coated bead-delivery systems in a 30:70 ratio by weight: IR beads (6 mg) and ER beads (14 mg) . The capsules use Eurand's Diffucaps technology, a multiparticulate bead-delivery system with each bead acting as a drug reservoir. In pharmacokinetic studies in children, peak serum drug levels were achieved at 1.5 hours after dosing, followed by a second peak of similar magnitude at 4.5 hours. 12 The primary objective of this study was to compare the efficacy, safety, and tolerability of oncedaily administration of MPH MR with placebo in children with ADHD. The secondary objective was to compare separately the morning and afternoon therapeutic responses of the MPH MR formulation with placebo. This would determine whether MPH MR's onset of action was rapid enough to secure good teacher ratings in the morning and its duration of action was long enough to yield good afternoon symptom control.
METHODS

Participants
Children recruited were 6 to 16 years of age and had a primary diagnosis of ADHD, combined subtype or the predominately hyperactive-impulsive subtype as defined in DSM-IV (diagnostic code 314.01). 13 The diagnosis of ADHD was based on a parent interview using the National Institute of Mental Health Diagnostic Interview Schedule for Children-Version 4.0. 14 Children had to be in a first-grade or higher school setting in which a single teacher could assess their behavior in the morning and afternoon on specified days. Blood pressure, heart rate, and oral temperature had to be within normal range.
Exclusion criteria included a comorbid psychiatric diagnosis; history of seizure or tic disorder or a family history of Tourette's syndrome; IQ below 80; inability to follow or understand study instructions; female who had undergone menarche; use of amphetamines, pemoline, or an investigational drug within 30 days of study entry; concomitant use of clonidine, anticonvulsant drugs, or medications known to affect blood pressure, heart rate, or central nervous system function; hyperthyroidism or glaucoma; or any concurrent chronic or acute illness (eg, allergic rhinitis, severe cold) or disability that could confound the study results. Also excluded were children who had failed a previous trial of stimulants for ADHD, had required a third daily dose in the afternoon or evening, had a documented allergy or intolerance to MPH, or were living with anyone who currently had substance abuse disorder (excluding dependency). Children provided signed assent, and their legal guardians signed an institutional review board-approved consent form before children could participate in the study.
Assignment and Blinding
Eligible children entered a single-blind, 1-week placebo-washout period. Responders to this phase were excluded to detect better those who had a stable, long-term positive response to this medication without the "noise" that might occur from a placebo response. After completion of the washout period, children were stratified on the basis of whether they had or had not received previous drug treatment for ADHD and then randomized in a 1:1 ratio to receive MPH MR or placebo once daily for 3 weeks.
Identically appearing MPH MR and placebo capsules were packaged in blister cards containing 30 capsules. Each card represented a 7-day supply plus 3 extra days in case the next study visit was delayed. Children were instructed by their parents to take 3 capsules (1 row of the blister card) in the morning before breakfast and to swallow the capsules whole without chewing. Data were not collected for the specific time of morning dose administration. For the first week of double-blind treatment, the blister card in the active treatment group consisted of 10 capsules of 20-mg MPH MR in the first column and placebo-containing 10 capsules in the remaining 2 columns. For subsequent weeks, 20-mg, 40-mg, or 60-mg blister cards were dispensed according to the individually titrated dosage. Blister cards containing all placebo capsules were dispensed in the washout period to all children and in the double-blind period to children who were assigned to the placebo group.
Study Design
This study was conducted at 32 centers in the United States in accordance with the principles of the Declaration of Helsinki and its amendments. At a screening visit, all medical tests were performed to ensure that children satisfied health-related inclusion criteria and did not meet exclusion criteria. The child's teacher and school were contacted by telephone to verify their willingness to participate in the study and to ensure confidentiality of the child's records. Study procedures were subsequently explained to the teacher, and training materials were forwarded. In addition, parents and teachers were given instructions regarding completion of the Conners' Global Index 15 and side-effect questionnaires. After all screening assessments were completed, the investigator rated the severity of disorder using the Clinical Global Impression (CGI) scale and then dispensed a placebo blister card for the 1-week washout period. 16 Children, parents, and teachers were blinded to the identity of treatment during this period. Parents were instructed to keep a medication diary and a diary of observations that noted their child's condition during the placebo-washout week.
At the end of the washout period, children and their parents returned to the study center for a baseline visit. Eligible subjectswho had a confirmed ADHD diagnosis, met study eligibility requirements, and had not responded to placebo with a reduction of ADHD symptoms-were then randomized to double-blind treatment and instructed to return weekly to the study center. A blister card containing either MPH MR 20 mg or placebo was dispensed for use during the first week of the treatment period. At the week 2 and week 3 visits, investigators assessed the adequacy of the dosage on the basis of clinical judgment and child and parent interviews, total scores on the previous week's parent and teacher versions of the Conners' Global Index and the side-effect questionnaire, and adverse event profile. Children were continued on the same dosage for the next week if they achieved a satisfactory treatment response and tolerated treatment. However, if the child had tolerated treatment but still had room for improvement, then the study drug (either MPH MR or placebo) was titrated to the next-higher dose level (20 mg to 40 mg daily or 40 mg to 60 mg daily).
Outcome Measures
The primary efficacy measure used in this study was the teacher version of the 10-item Conners' Teacher Global Index. This was completed by telephone interview during the morning (around 10 am) and afternoon (around 2 pm) of 3 alternating days of each treatment week. The Conners' Teacher Global Index contains 10 items that measure disruptive behavior (including inattention and hyperactivity/impulsivity), with each item scored on a scale from 0 (not true at all; never; seldom) to 3 (very much true; very often; very frequent) for a maximum total score of 30 points.
Secondary efficacy measures included the 10-item Conners' Parent Global Index that was completed on 1 day of each weekend during the morning, afternoon, and evening. In addition, the parents completed a parent global assessment at the final visit. Parents were asked to review the diary they had kept during the washout period and then rate their child's condition at the final visit compared with baseline using a 7-point categorical scale ranging from 7 (much improved) to 1 (much worse).
The clinician-rated CGI was used to evaluate the child's symptom severity of disorder at baseline (CGI-S) on a 7-point scale ranging from 1 (normal, not at all ill) to 7 (among the most extremely ill). In addition, investigators used the CGI for improvement (CGI-I) to assess the child's global change each week relative to the condition observed at baseline on a 7-point scale ranging from 1 (very much improved) to 7 (very much worse).
The safety and tolerability of treatment were evaluated at each visit using reported and observed adverse events, and vital signs were collected at baseline and weekly thereafter. Laboratory testing was performed at baseline and at the end of double-blind treatment and included hematology, biochemistry, and urinalysis. Parents completed the Pittsburgh 11-item side-effect questionnaire-the same adverse event questionnaire used in the National Institute of Mental Health's Multimodal Treatment Study of Attention-Deficit/Hyperactivity Disorder (MTA Study)-after the child went to bed on the same day that they completed the Conners' Global Index. Teachers completed a similar side-effect questionnaire-identical to the parent version except for exclusion of an item related to sleep-3 times per week near the end of the school day, on the same days they filled out the Conners' Global Index.
Statistical Analysis
All statistical summaries and analyses were conducted for the intention-to-treat population using the last-observation-carriedforward approach for children who withdrew prematurely. All comparisons between treatment groups were performed using 2-sided tests with a significance level of .05. The null hypothesis for all analyses was based on no difference between treatments.
Demographic characteristics of the 2 treatment arms were compared using a 2-sample t test for age and weight and 2 test for gender and race. ADHD characteristics were compared at baseline using a 2-sample t test for CGI severity of disorder and teacher and parent Conners' Global Index. The baseline value of the teacher and parent Conners' Global Index was derived by averaging all of the scores during the placebo-washout period.
The primary efficacy endpoint was defined a priori as the change from baseline in the average score of the teacher Conners' Global Index. The average was calculated from all individual morning and afternoon evaluations made on the 3 observation days of the last week. Differences between treatment arms were assessed using an analysis of variance (ANOVA) model, with treatment as the only fixed factor.
Secondary efficacy endpoints included separate analyses of the morning and afternoon average scores on the teacher version of the Conners' Global Index during the last week of treatment, average scores of the teacher Conners' Global Index at each week, and average scores of the parent Conners' Global Index at each week and during the last week. The changes from baseline in each of these secondary endpoints were analyzed using the same ANOVA model as that used for the primary endpoint. Ratings that were much improved or very much improved on the efficacy index of the CGI scale were equated with clinical response.
The effect size for MPH MR was assessed using the mean scores from the teacher and parent versions of the Conners' Global Index during the last week of treatment. Effect size was calculated by subtracting the mean rating given for the MPHMR group from the mean rating given for the placebo group, divided by the standard deviation (SD) of the placebo group.
Adverse events were classified by preferred terms and body system and defined by the CoStart System. 17 Furthermore, each adverse event was rated by the investigator in terms of its intensity and probability that it was related to the drug being taken. Differences between treatments in the percentage of children with at least 1 adverse event (primary safety endpoint) were compared using the 2 test for categorical data analysis. Similar analyses between treatments were made for all adverse events that occurred in at least 5% of children in either group.
RESULTS
Participants
Of the 507 children who were screened for the trial, 186 were disqualified during the screening period before and during the 1-week single-blind placebo-washout phase (Table 1) . These children never entered the 3-week double-blind phase and were not included in any of the safety or efficacy analyses. A total of 321 children were randomized to doubleblind treatment: 158 to MPH MR and 163 to placebo. Five children (3 MPH MR, 2 placebo) were excluded from the safety analyses, 4 because they received no study medication and 1 because of lack of safety data. Seven children (3 MPH MR, 4 placebo) were excluded from the efficacy analysis, 3 because of lack of minimal requisite efficacy data and 4 because of lack of adequate dosing records. Consequently, 316 children were included in the safety population, and 314 children were included in the intention-to-treat efficacy population. Twenty-eight children (17%) who received placebo withdrew from the 3-week trial, whereas only 17 children (11%) who were assigned to MPH MR withdrew. Reasons for withdrawal were similar for both treatment groups. Patients' time of withdrawal varied substantially, with no clear pattern.
Demographic characteristics and baseline ADHD severity did not differ between children in the 2 treatment groups (Table 2) . Stratification based on previous treatment before randomization ensured equal distribution across the 2 treatment groups. Although none of the patients had failed a trial of stimulants, only 64% of children in both MPH MR and placebo groups had been treated previously with medications for ADHD. The most frequently used previous medications were Ritalin (46% of all children), generic MPH (17%), Adderall (9%), Ritalin-SR (6%), and Dexedrine (5%). Data were not collected on special accommodations for ADHD made by the schools for these children. Children .13 Conners' Global Index-Parent † 13.6 Ϯ 6.6 12.9 Ϯ 7. 6 .42 CGI Severity of Disorder ‡ 4.5 Ϯ 0.9 4.4 Ϯ 0.9 .23 * Mean (Ϯ SD). † Mean (Ϯ SD) total score of 10-item Conners' Global Index. Each item was rated on a scale ranging from 0 (not true at all; never; seldom) to 3 (very much true; very often; very frequent). The groups did not differ significantly. ‡ Mean (Ϯ SD) score on 7-point scale ranging from 1 (normal, not at all ill) to 7 (among the most extremely ill children). The groups did not differ significantly.
Dose and Compliance
In the MPH-MR group, the mean total daily dose for week 1 was 20 mg/d (0.64 mg/kg/d); for week 2, the mean total daily dose was 32.3 mg/d (1.02 mg/ kg/d); and for week 3, the mean dose was 40.7 mg/d (1.28 mg/kg/d). During the third week of the treatment period, the total daily dose of MPH MR was 20 mg in 38 (25%) of 155 children, 40 mg in 59 (38%) of 155 children, and 60 mg in 43 (28%) of 155 children. In comparison, children who were assigned to placebo started with a dose of 20 mg/d for the first week but were increased by their clinicians to doses of 36.8 mg/d and 51.6 mg/d in placebo equivalents, higher than those on active medications.
Compliance was based on weekly medication counts, which showed satisfactory adherence in both groups. Of the 155 children in the MPH MR group, 105 (68%) had no discrepancies in drug accountability, and 35 (23%) missed only 1 or 2 doses. The remaining 15 children (10%) returned fewer capsules than expected. In the placebo group, 117 (73%) of 161 children (73%) did not have any discrepancies in capsule accountability, 28 (17%) missed only 1 or 2 doses, 8 (5%) missed 3 or more doses, and 8 (5%) returned fewer capsules than expected.
Teacher's Conners' Ratings
MPH MR significantly reduced ADHD symptoms compared with placebo based on results from the teacher version of the 10-item Conners' Global Index. In the MPH MR group, the teacher Conners' Global Index was reduced from a baseline score (mean Ϯ SD) of 12.7 Ϯ 7.2 to a score of 4.9 Ϯ 4.7 in the last week of the double-blind treatment period. The corresponding scores in the placebo group were 11.5 Ϯ 7.3 at baseline and 10.3 Ϯ 6.9 at the end of the double-blind period. In the ANOVA model, the least squares mean change between treatment groups differed significantly in favor of the MPH MR group (95% confidence interval: 5.26 -8.09; 2-tailed Student t test, t ϭ 9.27; df ϭ 311; P Ͻ .001). From the teacher assessment, an effect size of 0.78 was calculated for the MPH MR treatment compared with placebo during the last week of treatment.
Differences between teacher's Conners' Global Index ratings between MPH MR and placebo were evident when the morning and afternoon scores on the teacher Conners' Global Index were evaluated separately (Table 3) . Last week mean morning ratings (ϮSD) for children assigned to either the MPH MR or to placebo groups were 4.8 Ϯ 4.6 and 9.9 Ϯ 6.6, respectively. During the afternoon, mean scores for the MPH MR and placebo groups were 5.4 Ϯ 5.2 and 10.6 Ϯ 6.9, respectively. For both the morning and afternoon of the last week of treatment, a large effect size of 0.8 was calculated for the MPH MR treatment compared with placebo.
Parent Conners' Ratings
In the parent rating of the 10-item Conners' Global Index, MPH MR significantly reduced ADHD symptoms relative to placebo. In the MPH MR group, the baseline score (mean Ϯ SD) of 13.6 Ϯ 6.6 was reduced to a mean score of 7.4 Ϯ 5.9 in week 3 of the double-blind treatment period. In comparison, the baseline and week 3 mean scores in the placebo group were 12.9 Ϯ 7.6 and 10.1 Ϯ 6.7, respectively. In the ANOVA model, the least squares mean change between treatment groups differed significantly in favor of the MPH MR group (95% confidence interval: 1.7-4.9; 2-tailed Student t test, t ϭ 3.97; df ϭ 297; P Ͻ .001; Fig 1) . From the parent assessment, a moderate effect size of 0.4 was calculated for the MPH MR treatment compared with placebo during the last week of treatment.
CGI Improvement Ratings
To determine the proportion of responders in the groups assigned to placebo or to MPH-MR, we counted all children as responders who had CGI Efficacy scores in the moderately improved range or better. Using this criterion, 64% (98 of 154) of the children who were treated with MPH MR were judged to be responders versus only 27% (41 of 156) in the placebo group. Different results were obtained by examining the CGI Improvement scores, using the same criterion for responder status. Eighty-one percent (125 of 154) of those assigned to active drug versus 50% (78 of 156) of those assigned to placebo could be called responders on the basis of their CGI Improvement scores. The Mantel-Haenszel 2 test showed statisti- cally different (P Ͻ .001) CGI-I scores for the 2 treatment groups. The least squares mean CGI improvement score (ϮSE) in the MPH MR and placebo groups was 2.4 Ϯ 0.1 and 3.5 Ϯ 0.1, respectively (P Ͻ .001).
Adverse Events
During the treatment period, 80 (52%) of 155 children in the MPH MR group and 61 (38%) of 161 children in the placebo group spontaneously reported 1 or more adverse events irrespective of their relationship to study treatment (P ϭ .014). The most common adverse events were headache, anorexia, abdominal pain, and insomnia (Table 4) . Of these, only anorexia occurred at a rate significantly greater in children who were treated with MPH MR than with placebo (9.7% vs 2.5%; P ϭ .007). Of the spontaneously reported adverse events for children who received MPH MR or placebo, 32.9% and 17.4%, respectively, were considered by the investigator to be related to study agent.
Only 2 children discontinued treatment because of adverse events. One child developed a pruritic, nonerythematous, periumbilical rash on the sixth day of treatment with MPH MR, whereas the other child developed a headache on the fourth day and dizziness and stomachache on the fifth day of treatment with MPH MR. There were no serious adverse events reported in either treatment group.
There were no significant differences between treatment groups in mean and median systolic or diastolic blood pressure, pulse rate, or oral temperature. No differences between treatments were found in the physical examinations performed at the end of the treatment period. In both treatment groups, laboratory testing did not find any consistent changes in hematology, biochemistry, or urinalysis. In the MPH MR and placebo groups, 48 and 63 children, respectively, had out-of-range laboratory values that were within range at baseline. These out-of-range values were most commonly seen in eosinophil and neutrophil counts.
DISCUSSION
Although there have been other studies of oncedaily stimulant medications given once in the morning, this is the first study of a controlled-delivery methylphenidate preparation to compare morning and afternoon assessments in the child's own classroom. It is also the first to report a reduction of ADHD symptoms at both time points from a single morning dose. 18 These scores were collected by telephone during the time of scoring, ie, either morning or afternoon. Notably, within the MPH MR group, the mean Teacher's Conners' Global Index score was similar to the morning and afternoon scores when analyzed separately (Fig 1) . Furthermore, the degree of improvement in the MPH MR group relative to placebo was consistent for both the morning and afternoon assessments. The reduction in both morning and afternoon scores on the teacher version of the 10-item Conners' Global Index scale indicates that a single morning dose of MPH MR is effective throughout the school day. The parent ratings demonstrated that MPH MR was superior to placebo in reducing ADHD symptoms at home, corroborating the findings on the teacher evaluation.
At endpoint, investigators rated 64% of children as moderately or markedly improved by MPH MR compared with 27% of children given placebo. These findings are consistent with the response rates seen with IR MPH in controlled clinical trials. 1, 5, 6 A moderate effect size of 0.78 was determined for the teacher assessment on the Conners' Global Index during the last week of treatment and for the separate assessments during the morning and afternoon of the last week. From the parent assessment, a small to moderate effect size of 0.4 was calculated during the last week of treatment. These magnitudes of effect are consistent with the literature, in which twicedaily dosing typically produces a larger effect during the school day when the medication levels are higher than at home after school when the medication levels have dropped.
MPH MR was safe and well tolerated and did not produce any unexpected adverse events. There were no serious adverse events during this study. The most common adverse events in the MPH MR group were headache, anorexia, abdominal pain, and insomnia; of these, only anorexia occurred at a rate that was significantly greater than placebo.
There are several limitations to this study. First, the dose-titration design did not focus on obtaining each child's optimal dose before the study started. Because no dose-response curves were collected on the children in the study, as had been collected on the children in the MTA Study, we could not determine whether the effects of MPH MR were dose related.
Even so, the study results suggest that reaching an effective level may be achieved in a relatively rapid manner with MPH MR. In comparison, IR formulations of MPH are often initiated at doses of 5 mg to 20 mg given 1 to 3 times daily, so management formulations must involve adjustments of both dose level and timing of dose. This means that establishing the child's optimal dose of an IR formulation might take longer than a preparation that is given only once daily.
Second, the study's inclusion and exclusion criteria selected for milder cases of ADHD. For example, our admission criteria excluded children with ADHD that required a third dose. Teacher's Conners' scores averaged 12 and the parent's Conners' scores average 13 of 30. This is lower than the average scores in the MTA Study at admission, which recruited children with ADHD of at least moderate severity. The lower scores in this trial mean that the findings may not be as generalizable and are a limitation.
Third, the 3-week duration of the trial did not allow the investigators to determine whether the dual-phase effects of MPH MR persist with longterm treatment. Also, the long-term safety issues that concern parents of children who take psychotropic medications could not be assessed in this short-term clinical trial.
Fourth, the study's design limited generalizability of the results because it excluded acute placebo responders and those who had failed to respond to any MPH treatment before the study. Within the context of a research protocol intended to assess the relative efficacy of MPH MR versus placebo, the exclusion of MPH nonresponders, like the exclusion of placebo responders, runs the risk of a type 1 error because it could magnify the relative efficacy of MPH MR over placebo. Of the 186 children who were disqualified at the end of the placebo-washout week, 45 (24%) had responded to placebo (ie, had a reduction in ADHD symptoms) and subsequently were excluded from the study. If they had entered the study without a placebo washout, then those who were randomized to placebo in the study might have responded, reducing placebo-active drug differences. Of course, there is an equal chance that any child entering the study could have been randomly assigned the MPH MR group.
Placebo response rates in trials of stimulants for children with ADHD run between 4% and 20%. For example, 13% of the children in the MTA study showed a placebo response. However, 29 of these 32 children later required full treatment with methylphenidate during the MTA open maintenance phase. More than 90% of children who had ADHD and had a placebo response in the MTA study relapsed within 15 to 60 days. Therefore, it would be difficult to predict what proportion of the placebo responders in this trial would have relapsed in the study reported here by the end of study measure and whether it would have changed the outcome of the study.
Fifth, we excluded children who had failed to respond to MPH in the past. In a clinical setting, this is easily justifiable. It is more ethical not to expose children who have done very poorly on a treatment to the same drug a second time. In a research study, however, excluding these children may make the study less representative by amplifying the magnitude of the difference in treatment between MPH MR and placebo.
Sixth, there could have been a bias because the parents were aware that the researchers had the option of stepping up the "dose" of placebo each week, based on the reported response to the previous week's treatment. Families who think that the increased dose meant that their children were getting more active medicine might expect and find im- provement. However, the double-blind nature of the study's design prevented this from biasing the overall study results.
CONCLUSION
MPH MR administered once daily in the morning was well tolerated and significantly more effective than a double-blind comparison with placebo in controlling ADHD symptoms throughout the school day. Symptom control was achieved in the morning and afternoon. The total daily dose of MPH MR averaged 40.7 mg/d. This daily dose is slightly higher than the total dose reported in large clinical trials of IR MPH formulations.
